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Nematodes, blueberries, and 
chickens; Applied bioinformatics 

at the USDA

Benjamin F. Matthews
USDA-ARS 

Soybean Genomics & 
Improvement Laboratory

Major topics

Bioinformatics applied to agricultural 
problems studied in my laboratory

Types of data
Bioinformatics applications

Other agricultural problems at USDA-
Beltsville
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Projects

Soybean interactions with cyst nematode
Soybean interactions with rust
Soybean mapping –SNP discovery
Blueberry cold hardiness
Cocoa fingerprinting
Chicken interaction with coccidiosis
Swine interaction with nematode (Ascaris)
Spiroplasma kunkellii genome sequencing 
project

Problem: 
Soybean cyst nematode damage

Heterodera glycines
Affects most growing regions in the US
Found world-wide
7% of the crop in the US lost
Approx. $1 billion lost each year in US
Multiple genotypes of SCN
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Soybean cyst nematode damageSoybean cyst nematode damage

Soybean Losses (millions of bushels)

0

50

100

150

200

250

300

1996 1997 1998 1999 2000

Bacterial diseases 

Brown stem rot 

Charcoal rot 

Phytophthora rot 

Root-knot and
other nematodes 
Seedling diseases 

Virus 

Soybean cyst
nematode 



4

Extruded egg masses

Female
SCN

Egg mass

Nematodes hatching



5

Nematode invading root

cortex

protoxylem
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pericycle

SCN

SCN establishing syncytium
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SCN female

Solution: 
Broaden Resistance of Soybean  

to SCN
Two Approaches 

I. Clone known resistance genes 
– Map position-based cloning
– Move cloned genes into elite varieties

II. Develop new modes of resistance
- Determine mechanisms conferring resistance
- Gene expression profiles, metabolic profiling, cytology 
- Identify pathways important to resistance
- Design new resistance?
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I. Clone known resistance genes
Gene Mapping

Mapmaker; Joinmap
Mapmaker QTL; QTL Cartographer;
Single marker ANOVA-SAS

– Place molecular markers on map
– Place resistance loci (phenotype) on map

Use markers close to resistance to obtain 
continuous DNA clones 

LaserGene Seqman
(FPC) v 4.7.9 (Fingerprinted Contigs) 

Obtain DNA Sequence
Identify genes in that sequence

GeneMine
Test candidate resistance genes

MapMap--based isolationbased isolation
Genetic maps (Location of phenotypes via genetic crosses)Genetic maps (Location of phenotypes via genetic crosses)

Physical map of genome (actual DNA sequence)Physical map of genome (actual DNA sequence)
or portion of genomeor portion of genome

Identify genes in the DNA sequenceIdentify genes in the DNA sequence

Annotate DNA sequenceAnnotate DNA sequence
Location of promoter elementsLocation of promoter elements
IntronsIntrons, , exonsexons, enhancers, etc., enhancers, etc.
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SCN resistance linkage groupsSCN resistance linkage groups

Population:
BARC-2 x Noir 1
149 F2 individuals

Satt038
B053
Bng122
Bng126

K069

13.5 cM

2.0 cM
3.0 cM
2.0 cM

rhgrhg11

Population:
G. max x G. soja
56 F2 individuals

pBLT72

I (Chalcone Synthase)
pBLT65 (Aspartokinase-

Homoserine 
Dehydrogenase)

pBLT24

30.9cM

2.9 cM
0.9 cMRhgRhg44

LG A2LG A2 LG GLG G

From a genetic map to a physical mapFrom a genetic map to a physical map

1   2   3   4  5  6   7  8  9  10 11 12
A
B
C
D
E
F
G
H

pBLT65 (AK-HSDH) I locus (CHS4)

CHS1    CHS3    CHS4   Intron 9

Exon 11

Intron 10

Exon 10

Primers 548/563 Primers 849/850

‘Williams 82’
Susceptible (rhg4)
BAC library
(3x coverage)

0.9 cM0.9 cM

A single 150Kb BAC
was identified.

Genetic Linkage Group A2

Molecular markers

Develop assay

Screen BAC library
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87 87 BACsBACs;;
FPC restriction profilesFPC restriction profiles

(sanger.ac.uk/Software/fpc/ )

BAC contig assignment (FPC)BAC contig assignment (FPC)

(sanger.ac.uk/Software/fpc/ )
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PI 435.654 contig PI 435.654 contig vs. vs. Williams 82 BACWilliams 82 BAC
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28Kb

Apa I restriction site

I locus CHS3, CHS4 intergenic region

pBLT65 Aspartokinase homoserine
dehydrogenase (AK-HSDH)

924 protein kinase
999 CHS

999 CHS

999 CHS

924 protein kinase

999 CHS

999 CHS

927, 992, 1009 Glucosyl transferase

Eco R I subclone sequence similarity

999 CHS

991 Heat shock transcription factor 

997 G10-like protein
995, 1007 Membrane-associated salt-inducible protein

1005 Adenosyl homocysteine hydrolase

925, 1003 AKHSDH

1006 RNA binding protein

1006 RNA binding protein

915

1010

916 RNA-binding protein
917, 926, 996

998
1008

914 Beta tubulin
1000
1004

1010
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Summary

Genetic mapping
Mapmaker, JoinMap, QTL Cartographer

Identify BAC clones
Align BAC clones

FPC, LaserGene SeqMan
DNA sequence

Trim vector, align, continuous sequence
Annotate sequence –

GeneMine
Komal Kaul, UMUC

II. Develop new modes of 
resistance

What genes and pathways are important?
Gene profiling

Microarrays
RT-PCR

Metabolic profiling
Cytology

Identify target genes
Provide tools

Promoters
DNA sequences of target genes
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Soybean cDNA libraries

Soybean leaves and 
roots two days post 
SCN invasion
Subtractive 10 hr
12 hr root
2 & 4 day 

6 & 8 day

Differential 
display
Cotyledon
96 clones

Soybean Genomics & Microarray 
Database (SGMD

EST database
Expressed Sequence Tag – One-pass 5’ DNA sequence

Database to track clones
Organize clone information

Location
DNA sequence
Identity using BLAST
BLAST score
Expression levels

http://bldg6.arsusda.gov/benlab/
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EST data import

DNA sequences are cleaned to remove 
vector and contaminating sequences
EST sequences are batch BLAST 
compared to GenBank sequences
BLAST results are extracted and 
imported into SGMD

Portion of data from plate A05

http://bldg6.arsusda.gov/benlab/
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Soybean Genomics and 
Microarray Database

Established in 1999
EST and microarray database
Approximately 8,000 soybean and 4,000 
nematode ESTs
Over 5 million rows of microarray data
Built on SqlServer2000, but SQL code is 
universal
MIAME compliant

http://bldg6.arsusda.gov/benlab/

SGMD

First soybean microarray database that 
is publicly available
Integrates analysis with design

No need to resort to third party software
Binary queries easy to perform
Online advanced queries

Allows users to download data as html, 
text or XML formats
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1   2   3   4  5  6   7  8  9  10 11 12
A
B
C
D
E
F
G
H

7000 inserts from DNA clones

Microscope slide with array
Each clone printed in triplicate
21,000 spots on microarray

Computer analysis

Sample 1

hybridize Sample 2Printer Head

Cy5
Cy3

nematodes

Peking          
inoculated

Peking
uninoculated

nematodes

Kent         
inoculated

Kent
uninoculated

Harvest roots at 6h,12h,1d,2d,4d,6d,8d, 
isolate RNA, label

……..……..……..
……..……..……..……..
……..
……..

……..…….. ……..…….. ……..…….. ……..…….. ……..…….. ……..…….. ……..…….. ……..……..……..…….. ……..……..……..……..…….. ……..

……..…….. ……..…….. …….. ……..……..…….. ……..

Hybridize each probe pair to a microarray slide containing 6000 cDNA inserts 

P+ P-

P+/ P-

K+ K-

K+/K-

Wash, scan the slide

Scheme for time course experiment 
Resistant Susceptible

cy5
cy3
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Microarray data analysis
Slides are scanned
Raw data from all images are extracted 
using SPOT
Data are imported into database
Data are filtered to eliminate flagged 
spots and very low intensity spots
Data are normalized using Lowess
Reproducibility is determined by ANOVA

Online analytical processing (OLAP) 
tools are used
Significance of induction is determined 
using T-tests
Scripts written in SQL and integrated 
into the database
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T-test K-/K- vs K+/K-

K-

K-K- K- K+

Variation Variation

What is the probability that
the expression level of a gene
in K+ is different from K-

Kent = susceptible
Peking = resistant

cy5
cy3

Microarray data
Self Organizing Maps

Group genes according to similarity of 
expression level over time
Number of groups can be controlled
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A large number of genes exhibit no change in expression
Genes are induced or suppressed across several time points

Signaling pathways 5
Defense 8
Metabolism 15
Cell wall formation/maintenance 12
Unknown 46

Signaling pathways 1
Defense 6
Metabolism 10
Cell wall formation/maintenance 4 
Unknown 19

P+/P- cluster 14 K+/K- cluster 8

Distribution of genes in the two clusters into different
functional categories
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Cytological data

What is happening at cellular level
Microscopic examination
In situ hybridization
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Timeline of SCN at 6, 12, 24 , 48 h after infection in a 
resistant(Peking) and susceptible (Kent) soybean cultivar

Peking 6h Peking 
12h

Peking 
24h

Peking 
48h

Kent 6h Kent 12h Kent 24h Kent 48h

Peking 4D Peking 6D Peking 8D

Kent 6DKent 4D Kent 8D

Timeline of SCN at 4, 6, 8 days after infection in a 
resistant(Peking) and susceptible (Kent) soybean cultivar
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Soybean Cellular Response to SCN

Susceptible

6               to                  24 hrs

Nematode penetration and migration

24         to       48 hrs

Syncytium established

18 hrs
Dense cytoplasm
Enlarged vacuole
Increase in ribosomes and 
rough Endoplasmic Reticulum

3 to 4 days
Cell wall dissolution   Dense cytoplasm
Thickened cell wall
Membrane proliferations
Accumulation of ER, mt, granules, vacuoles
Callose deposition
Finger-like walls    near xylem

Resistant

18 hrs
ER and organelles
increase
Cell walls 
dissolve

3  to 4 days
Cells deteriorate         Syncytium
Cell walls thicken      nearly empty
Cell wall deposition   Necrosis of
ER accumulation         cells

Syncytium collapses
4 to 5 days

Metabolic profiling data

Measure a range of metabolites
600-1000 different metabolites
Identify each metabolite

Perturb system
Eg. (+) and (-) nematodes – genes induced

Correlate gene expression profile with 
metabolite profile and cellular events
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Uninoculated Soybean
Root Controls
0,2,4,6,8 days SCN

SCN Inoculated
Susceptible Soybean Roots

0,2,4,6,8 days

Harvest
Roots

Microscopic Analysis
Microarray 

AnalysisMetabolite Extraction

Polar Metabolite
Profiling via GC/MS

Lipid Metabolite
Profiling by GC/MS

Phenolic Metabolite
Profiling by LC/MS

Statistical Analysis

SCN Inoculated
Resistant Soybean Roots

0,2,4,6,8 days

Compare with 
Microarray Data

Lloyd Sumner’ Laboratory
Noble Foundation

Changes in metabolites

Sucrose increases
Trehalose increases
Long chain fatty acids increase (Kent)
Valine levels differ (P vs K)
Unknown secondary compound 

present in P absent in K
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Biological significance of data

Integrate gene expression profiles, cytological 
data, metabolic profiles
Metabolic pathways
Signaling pathways
Interactions among proteins & pathways
Literature - known facts
Develop new insights and hypotheses
New knowledge

Elucidate the biological 
significance of the data

See relationships
Organize data
Query data
Visualize data

Identify key components
Develop new hypotheses
Data are:

multidimensional
from very different sources
very different types
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Data
Gene expression data 

Microarray, EST data; northerns;RT-PCR
Some gene relationships are known

Families, pathways, interactions
Cellular relationships

Timing; changes in organelles & structures
Metabolic relationships
Genetic relationships

Phenotypes
Knockouts
Gene silencing

Software can predict, wet lab can test

6h          12h            1d            2d            4d       6d            8 d

Peroxidase
Altern oxidase
Allene oxidase
NADH DH
R-Resistance genes
Chalcone synth
B-glucosidase
Cyto P450s
Protease inhibitors
ACC oxidase
Histidine kinase sensor

Phospholipase C
Lipoxygenase
Peroxidases
Glutathione tranfer.
Chal syn.; Cyt P450s
Isoflav methyltrans
PKs; PR1a;PR-6; SAM22
B-glucosidase; protease inh
GTP binding protein

Peroxidases
Ct protein
Kinases
P450s
Proteinase inhibitors
TF; B-glucosidase
PR-6
Repet pro rich

Lipoxygenase
Peroxidases
Cu amine oxidase
GTP binding
PKs
Invertase
Repet proline rich pro
Cyto P450s

31 KDa glycoprotein
Cu amine oxidase
Sali3-2 alum-induced
Dehydration responsive
TF WRKY
PR-6
Cell wall enz
B-glucosidase
Cellobiohydrolase
Xyloglucanglycosyl
Protease inhibitors

Germin-like protein
31 KDa glycoprotein
Dehydration responsive
TF WRKY & others
PR-6; PR1a; Protease inhibitors
PKs; P450s; chitinase
Carbohydrate enzymes
Cell wall enzymes
Phenylpropanoid enzymes
Repet proline rich protein

PR6, PR1a, PIs
P450s
TF WRKY
Endochitinase
Cellwall enz
Repet pro rich
Pectinase
chitinase

Susceptible
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NADP
Oxidase

Plasma Membrane

Cell Wall

K -

H+

Cl-

Ca+

2O O -
2 H  O 2   2SOD

Peroxidase

Cross-linking 
of cell wall
proteins

Proline rich
protein

Rhg

Phospholipase A

Linolenic acid

Jasmonic acid

Gene activation

kinases

Defense response
Cell wall formation
proteases

Lipoxygenase

Sucrose
Sucrose synthase

Fructose UDP-Glucose

Glucose 6 phos DH
6-Phosphoglucono
lactone

Fructose 1,6 phosphate
Aldolase

GAP DHAP
Triose P
IsomeraseGAPDH

Fructose 6 phosphate
Fructokinase

Bisphosphoglycerate

Glucose-1-Phos

6-phosphogluconate

Ribose 5-phosphate

Ribulose 5-phosphate
Ribulose 5-p isomerase

UDP gluc-
uronic acid

UDP-glucose
DH

Glucose 6 Phos
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Sucrose
Sucrose synthase

Fructose UDP-Glucose

Glucose 6 phos DH
6-Phosphoglucono
lactone

Fructose 1,6 phosphate
Aldolase

GAP DHAP
Triose P
IsomeraseGAPDH

Fructose 6 phosphate
Fructokinase

Bisphosphoglycerate

Glucose-1-Phos

6-phosphogluconate

Ribose 5-phosphate

Ribulose 5-phosphate
Ribulose 5-p isomerase

UDP gluc-
uronic acid

UDP-glucose
DH

Energy to feed SCN

Glucose 6 Phos

Trehalose

Laser Capture Microdissection

collect a homogeneous population of 
syncytial cells – 7, 14, 21 dai
Determine gene expression patterns in 
those cells

Arcturus PixCell IIe
LCM System
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Soybean Rust

Ben Matthews, Jane Choi, 
and Reid Frederick

USDA-ARS
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Symptoms on Host (soybean)

Introduction

Microarray collaboration 

Resistant Susceptible



29

Microarray - Results

133 Forward clones were up-regulated in all 3 biological reps
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29%

30%

19%

48%

(10)

(4)

(17)

(40)

(13)

(3)

(24)

(22)

Microarray – Results
Forward Library Up-regulated in all 3 Biological Exp.

6hpi
-Cinnamyl-alcohol dehydrogenase
-Ribulose-1,5-bisphosphate 
carboxylase (small subunit)
-Polyprotein
-Serine/threonine protein kinase

12hpi         
-Xylosidase
-Malate synthase
-Chalcone synthase
-CYP450
-Put. senescence assoc. protein
-ABC transporter
-DNAbp
-Transcription repressor ROM
-CIG2
-Notchless

24hpi
-Xylosidase
-Fructose-bisphosphate aldolase
-Aldolase/fructose-bisphosphate
-Glutamine synthetase
-Ascorbate peroxidase
-avr9/cf9-rapidly elicited protein
-Nam-like

48hpi
-CYP450
-Peroxidase
-Put. Senescence assoc. protein
-Aspartic proteinase
-Homeobox protein
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Microarray - Summary

The three biological reps did not all correspond exactly, 
probably due to several reasons:

1)  Asynchronus growth/penetration of the fungus

2)  Spore density – not all epidermis is penetrated

3) Different layers (epidermis, 

palisade, spongy, etc.) 

respond differently, 

depending on proxymity

to the fungus

Enriched extracellular proteins from soybean leaves 
from resistant and susceptible interaction

- 2-D protein gel 

- Pick spots for MALDI

- In-gel trypsin-digestion

- MALDI/TOF-TOF 
mass spectrometry 

ABI4700 

(Jane Choi in collaboration with Mike McMahon/Doug Luster & 
Alberto Nunez, Core Technologies, USDA-ARS-ERRC )



31

Protein profiling with 2D-gel and 
MALDI/TOF-TOF mass spec 48hpi

unknown

No hit

Hyp protein unk

unknown

No
hit

metalloproteinase

Peroxidase
Gamma-
glutamyl
hydrolase

Plant lipid
transfer

Veg
storage

serpin

Resistant rxn Susceptible rxn

Allergen
-like

Endo-1,3-beta
glucosidase

Dehydro-
ascorbate
reductase

Malate
synthase

LEA

Carbonic
anhydrase

CYP
450

hyp

Meta
llo

pro
tei

na
se

Veg
storage

Endo-1,3-beta
glucosidase

Hyp

TFRubisco
small

Rubisco
small

Protein profiling with 2D-gel and 
MALDI/TOF-TOF mass spec 6dpi

Endo-1,3-beta
glucosidase

Veg
storage SC24
SC24

Unk

No hit

Endo-1,3-beta
glucosidase

No hit

LEA

Splicing
factor

Thaumatin

Chorismate
synthase

NADH
dehyd

PR10

polyprotein

Resistant rxn Susceptible rxn

Metallo
proteinase

DRR

Hyp protein

hsr

hyp
unk

Metallo
proteinase

hyp

Glu3

aldolaseGlutamine

synthetase

cullin

Rubisco
small

Rubisco
small
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Summary

Microarrays show differential gene 
expression
Protein gels identify protein differences
Provides targets for modification to 
improve soybean resistance to rust

Soybean mapping

DNA sequencing
Align DNA sequences
Identify single nucleotide polymorphisms
Soybean, strawberry, & cattle projects

Dr. Perry Cregan (301) 504-5070
Lakshmi Matukumalli, GMU student
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Blueberries

Cold tolerance-survival during winter
What genes provide protection
Blueberry ESTs
Microarrays

Dr. Jeannie Rowland (301) 504-6654

Strawberries

Develop a strawberry map
SSR mapping
Automate search of GenBank for SSRs
Primer design
Map position

Dr. Kim Lewers (301) 504-6768
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Cocoa fingerprinting

Develop a database to deposit and 
query cocoa fingerprinting data
Interface with the International Cocoa 
Germplasm Database
Characteristics of 20,000 cocoa 
accessions

Dr. Dapeng Zhang (301) 504-7477

Spiroplasma Kunkellii
Genome sequencing Project

Pathogen – eg. corn stunt
Small genome
Sequence nearly complete
Preliminary annotation complete
Need gap closure
Compare S. kunkelli genome sequence with 
other genomes
Software available-some configuration and 
modification required
Dr. Bob Davis (301) 504-7545
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Spiroplasma in artificial culture
(dark field microscope view)

Leafhopper,  insect vector that carries the spiroplasma
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Infected corn plant

Spiroplasma, inside 
a corn plant cell

Chicken-coccidiosis

Disease of poultry
What genes provide protection?
Apply to poultry breeding
ESTs
Microarrays

Dr. Hyun Lillehoj (301) 504-6170
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Swine from nematodes

Eliminate nematodes
Microarrays
ESTs
Gene homologs

Dr. Joe Urban   (301) 504-8765
Dr. Harry Dawson (301) 504-9412


